Introduction
Patients with major depressive disorder (MDD) may also experience symptoms of anxiety. Anxiety symptoms are representative of a more severe form of depression, associated with greater illness severity, suicidality, and impaired functioning. [1] [2] [3] Furthermore, anxiety symptoms decrease the likelihood of response to antidepressant treatment (ADT). In a post hoc analysis of clinical studies in patients with inadequate response to prior ADT, patients who met proxy criteria for anxious distress had a lower response rate to prospective ADT than patients who did not meet the criteria. 4 In the Sequenced submit your manuscript | www.dovepress.com
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Thase et al Treatment Alternatives to Relieve Depression (STAR*D) study, remission was significantly less likely and took longer to occur in patients with anxious depression than in those with non-anxious depression. 3 The presence and severity of anxiety symptoms in MDD can be assessed using various definitions. The Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) defines "anxious distress" as the presence of at least two of the following symptoms during a depressive episode: feeling keyed up or tense, feeling unusually restless, difficulty concentrating because of worry, fear that something awful may happen, and feeling that the individual might lose control of himself or herself. 5 The STAR*D study defined "anxious depression" in a dimensional manner, based on the presence of high levels of anxiety during MDD as measured by the Hamilton Depression Rating Scale (HAM-D) Anxiety/somatization factor. 6 Thus, whereas the "anxious distress" definition is based upon psychic symptoms, the "anxious depression" definition also includes somatic symptoms. In the International Mood Disorders Collaborative Project, 56% of patients with MDD met proxy criteria for DSM-5 anxious distress. 1 In the STAR*D study, 53% of outpatients with MDD met the criteria for anxious depression. 3 Post hoc analyses of randomized controlled trials suggest that adjunctive therapy with atypical antipsychotics, specifically aripiprazole and quetiapine extended-release (XR), may be able to improve depressive symptoms in patients with anxiety symptoms. 7, 8 However, atypical antipsychotics are associated with side effects in MDD, including akathisia, weight gain, and sedation/somnolence, 7,9 making them unsuitable for some patients. There is a need for additional treatments with efficacy in the difficult-to-treat subpopulation of patients with MDD and anxiety symptoms.
The atypical antipsychotic brexpiprazole is a serotonindopamine activity modulator that acts as a partial agonist at serotonin (5-hydroxytryptamine-1A [5-HT 1A ]) and dopamine D 2 receptors, and as an antagonist at serotonin 5-HT 2A and noradrenaline α 1B /α 2C receptors, all with subnanomolar potency. 10 The efficacy and safety of brexpiprazole as adjunctive treatment to ADT over 6 weeks have been demonstrated in three placebo-controlled, fixed-dose studies in MDD. [11] [12] [13] As of October 2018, brexpiprazole is approved in the USA, Saudi Arabia, Honduras, and Mexico as an adjunctive therapy to antidepressants for the treatment of MDD in adults.
This article describes a post hoc analysis of three brexpiprazole studies, with the aim of determining the effects of adjunctive brexpiprazole on depressive symptoms among patients with MDD and anxiety symptoms, based on definitions of anxious distress and anxious depression.
Materials and methods study design and patients
This was a post hoc analysis of data from the 6-week, randomized, double-blind, placebo-controlled treatment phases of three similarly designed studies (Pyxis [NCT01360645], Polaris [NCT01360632], and Sirius [NCT02196506]). For a full description of the study designs and selection criteria, please refer to the primary manuscripts for these studies. [11] [12] [13] Each of the three studies was conducted in compliance with the International Council for Harmonisation (formerly known as International Conference on Harmonisation) Good Clinical Practice Guideline and with the principles laid out in the Declaration of Helsinki. The protocols were approved by independent ethics committees (Supplementary material), and all patients provided written informed consent to participate.
The studies recruited outpatients aged 18-65 years meeting the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR) 14 criteria for an episode of MDD of at least 8 weeks' duration. During the current episode, patients must have reported an inadequate response, defined as ,50% improved on the self-reported Massachusetts General Hospital Antidepressant Treatment Response Questionnaire, 15 to an adequate trial of between one and three ADTs. Eligible patients had a 17-item HAM-D (HAM-D 17 ) 16 Total score of $18 at screening and on the first day of treatment. Patients meeting DSM-IV-TR criteria for certain Axis I disorders (including cognitive, psychotic, and bipolar disorders) were excluded from the studies, although patients with comorbid anxiety disorders were permitted to enroll.
The studies each comprised a screening phase, an 8-week, single-blind, prospective treatment phase, and a 6-week, double-blind, randomized treatment phase for patients who did not respond to prospective treatment. During the prospective treatment phase, patients received open-label ADT (selected by the investigator from a protocol-specified list), together with single-blind placebo. Patients who met criteria for inadequate response to this ADT throughout the 8-week prospective ADT phase were eligible for entry into the randomized treatment phase. Inadequate response was defined as ,50% reduction in HAM-D 17 Total score from the start to the end of prospective treatment, a HAM-D 17 
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adjunctive brexpiprazole in depression with anxiety symptoms Scale (MADRS) 17 Total score from the start of prospective treatment to each 2-weekly interval during the phase, and a Clinical Global Impressions -Improvement 18 score of $3 (ie, minimally improved, no change, or worse) at each 2-weekly interval during the phase.
Patients with inadequate response to prospective ADT were randomized 1:1 to placebo or brexpiprazole 2 mg/day in Pyxis and Sirius, and 1:1:1 to placebo, brexpiprazole 1 mg/day, or brexpiprazole 3 mg/day in Polaris. In all studies, randomized treatment was adjunct to continued ADT. Brexpiprazole was titrated such that all patients received 0.5 mg/day during the first week, 1 mg/day during the second week, and their allocated fixed dose from the third week onward.
assessments
The primary efficacy analysis in Pyxis, Polaris, and Sirius was the mean change in MADRS Total score from baseline (ie, randomization) to week 6 of the randomized treatment phase. The MADRS was administered at weeks 1, 2, 3, 4, 5, and 6 of the randomized phase.
In this post hoc analysis, changes in MADRS Total score were assessed in subgroups of patients according to the presence or absence of anxious distress and anxious depression. Anxious distress was defined, based on proxies for the DSM-5 specifier, 19 as the presence at baseline of at least two of the following symptoms: feeling keyed up or tense (MADRS item 3 [inner tension] score of $3), feeling unusually restless (Inventory of Depressive Symptomatology, Self-Report 20 item 24 [feeling restless] score of $2), difficulty concentrating because of worry (MADRS item 6 [concentration difficulties] score of $3), and fear that something awful may happen (HAM-D item 10 [psychic anxiety] score of $3). No proxy could be found for the DSM-5 criterion "feeling that the individual might lose control of himself or herself", meaning that patients were classified as having anxious distress if they met criteria for at least two out of four, rather than out of five, symptoms.
Anxious depression was defined, based on the definition used by the STAR*D study investigators, 6 as a score of $7 at baseline on the HAM-D Anxiety/somatization factor. 21 The Anxiety/somatization factor comprises the following six items from the HAM-D: psychic anxiety, somatic anxiety, gastrointestinal somatic symptoms, general somatic symptoms, hypochondriasis, and insight. Safety was assessed by the incidence of treatmentemergent adverse events (TEAEs) in the subgroups with and without anxiety symptoms.
statistical analyses
For this post hoc analysis, data were pooled for patients randomized to brexpiprazole 2 mg/day and 3 mg/day, and for patients randomized to placebo. It was considered appropriate to pool brexpiprazole 2 mg/day and 3 mg/day since, in a previous post hoc analysis, both doses had a similar least squares (LS) mean difference to pooled placebo in MADRS Total score at the majority of time points. 22 The 1 mg/day dose of brexpiprazole was not included because it is below the recommended minimum dose for the adjunctive treatment of MDD (2 mg/day). 23 Safety analyses were performed in the population of patients who received at least one dose of brexpiprazole or placebo during the randomized treatment phase. Efficacy analyses were performed in the population of patients who received at least one dose of brexpiprazole or placebo during the randomized treatment phase and had an evaluation for MADRS Total score at baseline and on at least one occasion after baseline.
Cohen's kappa (κ) statistics were used to measure the level of overlap in the distribution of patients with anxious distress and anxious depression at baseline. Baseline MADRS Total scores were compared between subgroups using the Wilcoxon rank sum non-parametric test. To determine the effects of treatment on depressive symptoms, LS mean changes from baseline, standard errors, differences from placebo with 95% CIs, and Cohen's d effect sizes were calculated for MADRS Total score using a mixed model repeated measures (MMRM) method with model terms of study, treatment, visit, treatment-by-visit, and baselineby-visit interaction, using an unstructured covariance matrix. P-values were calculated using a t-test derived from MMRM, at the 5% level (two-sided). To determine the effects of treatment on anxiety symptoms, LS mean changes from baseline, standard errors, and differences from placebo with 95% CIs were calculated for HAM-D Anxiety/somatization factor score using an analysis of covariance model with treatment and study site as main effects and baseline as covariate, with last observation carried forward (LOCF). Owing to the exploratory nature of the study, corrections for multiple comparisons were not performed.
Numbers needed to treat (NNTs) were calculated based on the risk difference between ADT + brexpiprazole and ADT + placebo with regard to MADRS response. MADRS response was defined as $50% reduction from baseline in MADRS Total score (LOCF). The 95% CIs for NNTs were calculated as the inverse of the 95% CIs for the risk difference. The incidence of TEAEs is presented using descriptive statistics.
Results Patients
After 8 weeks of prospective ADT, a total of 1,171 patients were randomized to brexpiprazole 2-3 mg/day or placebo, according to the final protocols of the three studies. Of the randomized patients, 57.9% (n=678) met the criteria for anxious distress and 49.0% (n=574) met the criteria for anxious depression. The overlap between patients meeting the criteria for anxious distress and anxious depression is shown in Table 1 (Cohen's κ=0.28). Overall, 7.7% of patients (n=90) had a comorbid anxiety disorder.
Of the randomized patients, 1,169 formed the safety population and 1,162 formed the efficacy population. The completion rate was high (.90%) and comparable between treatment groups and between anxiety subgroups ( Table 2) .
In general, baseline demographic and clinical characteristics were similar between treatment and anxiety subgroups (Table 3) . However, patients with anxious distress or anxious depression were more likely to be female than those without anxiety symptoms. In addition, the anxious distress and anxious depression subgroups had a more severe illness (higher MADRS Total score) at baseline compared with their corresponding non-anxious subgroups (both P,0.0001).
Efficacy
In the subgroup of patients with anxious distress, ADT + brexpiprazole 2-3 mg/day showed benefits (P,0.05) over ADT + placebo as early as week 1, as measured by change from baseline in MADRS Total score ( Figure 1A ). Benefits were maintained throughout the randomized treatment phase, with an LS mean difference at week 6 between ADT + brexpiprazole 2-3 mg/day and ADT + placebo of -3.00 (95% CI: -4.29, -1.71; degrees of freedom [df]: 652; P,0.0001; Cohen's d: 0.35). In the subgroup of patients without anxious distress, benefits (P,0.05) for ADT + brexpiprazole 2-3 mg/day were observed from week 3 onward ( Figure 1B) . The LS mean difference at week 6 between ADT + brexpiprazole 2-3 mg/ day and ADT + placebo was -1.38 (95% CI: -2.71, -0.05; df: 474; P=0.043; Cohen's d: 0.18).
Similarly, benefits for ADT + brexpiprazole 2-3 mg/day over ADT + placebo were seen in the subgroup of patients with anxious depression ( Figure 1C ; LS mean difference at week 6: -2.19; 95% CI: -3.60, -0.78; df: 552; P=0.0023; Cohen's d: 0.26) and the subgroup without anxious depression ( Figure 1D ; LS mean difference at week 6: -2.34; 95% CI: -3.58, -1.10; df: 571; P=0.0002; Cohen's d: 0.31).
NNTs (95% CIs) for an additional patient to respond with ADT + brexpiprazole 2-3 mg/day compared with ADT + placebo were 10 (7, 28) for patients with anxious distress and 44 (11, -20) for patients without anxious distress. For patients with and without anxious depression, the NNTs were 16 (8, -142) and 14 (7, 263) , respectively.
For the HAM-D Anxiety/somatization factor, among patients with anxious distress, the ADT + brexpiprazole 2-3 mg/day group changed (improved) by an LS mean (standard error) of -2.3 (0.1) points from baseline to week 6 (n=334), compared with -1.6 (0.1) points in the ADT + placebo group (n=318), an LS mean difference of -0.70 (95% CI: -1.03, -0.37; P,0.0001). Among patients with anxious depression, HAM-D Anxiety/somatization factor score changed by -2.8 (0.1) points in the ADT + brexpiprazole 2-3 mg/day group (n=279) compared with -2.3 (0.1) points in the ADT + placebo group (n=275), an LS mean difference of -0.49 (95% CI: -0.88, -0.11; P=0.012).
safety
Treatment with ADT + brexpiprazole 2-3 mg/day was associated with a higher incidence of TEAEs than treatment with ADT + placebo, for patients with and without anxiety symptoms (Table 4 ). The incidence of TEAEs was higher among patients with anxious distress than patients without anxious distress, for ADT + brexpiprazole 2-3 mg/day (63.8% vs 55.5%) and for ADT + placebo (51.1% vs 41.8%). A similar pattern was observed among patients with and without anxious depression (Table 4) .
Among patients with anxious distress and among patients with anxious depression, the TEAEs with incidence $5% in the ADT + brexpiprazole 2-3 mg/day group and greater than ADT + placebo were akathisia, restlessness, somnolence, and weight increase (Table 4) . Among patients with anxious depression, headache also occurred in $5% of Notes: Post hoc analysis of data from three 6-week, randomized, double-blind, placebo-controlled studies in patients with major depressive disorder and inadequate response to aDTs (Pyxis, Polaris, and sirius). Data were pooled for patients randomized to brexpiprazole 2 mg/day and 3 mg/day, and for patients randomized to placebo. Two patients were excluded from the anxious depression analyses owing to missing anxious depression status. Abbreviation: aDT, antidepressant treatment. Notes: Post hoc analysis of data from three 6-week, randomized, double-blind, placebo-controlled studies in patients with major depressive disorder and inadequate response to aDTs (Pyxis, Polaris, and sirius). Data were pooled for patients randomized to brexpiprazole 2 mg/day and 3 mg/day, and for patients randomized to placebo. . Post hoc analysis of data from three 6-week, randomized, double-blind, placebo-controlled studies in patients with major depressive disorder and inadequate response to aDTs (Pyxis, Polaris, and sirius). Data were pooled for patients randomized to brexpiprazole 2 mg/day and 3 mg/day, and for patients randomized to placebo. Abbreviations: aDT, antidepressant treatment; ls, least squares; MaDrs, Montgomery-Åsberg Depression rating scale; se, standard error. Notes: Post hoc analysis of data from three 6-week, randomized, double-blind, placebo-controlled studies in patients with major depressive disorder and inadequate response to aDTs (Pyxis, Polaris, and sirius). Data were pooled for patients randomized to brexpiprazole 2 mg/day and 3 mg/day, and for patients randomized to placebo. Abbreviations: aDT, antidepressant treatment; Teae, treatment-emergent adverse event.
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adjunctive brexpiprazole in depression with anxiety symptoms patients receiving ADT + brexpiprazole, albeit at a lower incidence than with ADT + placebo. For patients without anxious distress and for patients without anxious depression, the TEAEs of akathisia and weight increase had an incidence of $5% in the ADT + brexpiprazole 2-3 mg/day group and greater than ADT + placebo. Apart from akathisia and restlessness, other activating TEAEs (eg, agitation, anxiety, insomnia) occurred at an incidence of ,5% in all ADT + brexpiprazole groups.
Discussion
In this pooled analysis of three randomized, controlled studies in MDD, brexpiprazole 2-3 mg/day as adjunct to ADT was efficacious in patients with anxiety symptoms, regardless of whether they were categorized using the DSM-5 criteria for anxious distress or the STAR*D definition of anxious depression. Cohen's d effect sizes for the mean drug vs placebo difference at study endpoint were 0.35 among patients with anxious distress and 0.26 among patients with anxious depression, indicating that adjunctive brexpiprazole therapy was comparably effective in both subgroups. Despite the apparent similarity of the anxious distress and anxious depression definitions, the Cohen's κ of 0.28 indicated that there was a surprisingly low level of overlap between the groups. There are two key differences between the definitions: 1) content, because the anxious depression definition includes somatic as well as psychic symptoms; and 2) time frame, because HAM-D items are rated for the past week, whereas the DSM-5 anxious distress specifier requires the symptoms be present for the majority of the depressive episode. 5, 24 Although the latter difference is not applicable to the proxies used in the present analysis, a study using the DSM-5 Anxious Distress Specifier Interview found a similarly low association between the DSM-5 and HAM-D subtyping approaches (κ=0.21), concluding that while both definitions of anxious depression are useful to predict outcomes, comorbidities, and longitudinal course, the definitions are not interchangeable. 24 The observed benefits of adjunctive brexpiprazole in patients with anxiety are consistent with the results of an exploratory, 6-week, open-label study, in which symptoms of depression and anxiety improved with flexible-dose brexpiprazole treatment among patients with MDD and anxiety symptoms (defined as a Hamilton Anxiety Rating Scale [HAM-A] 25 Total score of $20).
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Other post hoc analyses of adjunctive therapy with atypical antipsychotics in patients with anxious depression have shown benefits on MADRS scores for adjunctive aripiprazole 7 and adjunctive quetiapine XR. 8 In these studies, the drug-placebo differences in MADRS Total score change at endpoint were ~2.6 points for aripiprazole and ~2.7-3.3 points for quetiapine XR (depending on dose; effect size: 0.28-0.35), a comparable magnitude to that observed with adjunctive brexpiprazole in the present analyses. In addition, a number of studies have shown that atypical antipsychotics are able to reduce anxiety symptoms in patients with MDD, as measured by the HAM-A. 27 Although the HAM-A was not a part of the present analysis, ADT + brexpiprazole showed a benefit on the HAM-D Anxiety/somatization factor, suggesting that brexpiprazole may be efficacious at treating anxiety symptoms in depression.
There is a clinical need for efficacious treatments for patients with MDD and anxiety symptoms, since these patients are less likely to respond to ADT than those without anxiety symptoms. 3, 4 In clinical practice, the presence of anxious mood in patients with MDD is one of several symptoms that drives the decision to prescribe an adjunctive antipsychotic treatment. 28 In this post hoc analysis, adjunctive brexpiprazole was efficacious even when anxiety symptoms were present.
In general, brexpiprazole was well tolerated in patients with or without anxiety symptoms. Among patients receiving brexpiprazole, akathisia was the most common TEAE regardless of the presence of anxiety symptoms, with an incidence of #10% in each group. Overall, for patients treated with ADT + brexpiprazole 2-3 mg/day, there were no clinically meaningful differences in the rates of the most common TEAEs according to the presence or absence of anxious distress and anxious depression.
Limitations of the analysis include its post hoc nature and the use of proxies for the DSM-5 anxious distress specifier. The proxies for "feeling keyed up or tense" and "difficulty concentrating because of worry" were based on MADRS items, meaning that they were not independent with regard to MADRS Total score. As expected, patients with anxiety symptoms had a higher MADRS Total score at baseline, and the effects of anxiety and illness severity on outcomes were not differentiated. Finally, as an exploratory analysis that should be investigated further in future studies, adjustments were not made for multiple comparisons, potentially inflating the type I error rate.
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Conclusion
These data indicate that adjunctive brexpiprazole 2-3 mg/day is efficacious in reducing depressive symptoms in patients with clinically relevant anxiety symptoms who have not 
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